Desoxycorticosterone
has been shown to have a marked effect upon the renal excretion of sodium.
The administration of this hormone to patients with Addison's disease or to dogs in uncompensated adrenal insufficiency results in a retention of sodium which under certain circumstances may be associated with a striking accumulation of extracellular fluid and symptoms of congestive heart failure (1, 2). We have not been able to produce these symptoms in normal animals. When normal dogs are given 25 mgm. of hormone in daily injections there is no striking accumulation of extracellular fluid and no congestive heart failure.
Instead the normal animals develop a syndrome resembling that of diabetes insipidus, as might have been anticipated from the earlier work of Tee1 (3), Wermer (4) , and also Silvette and B&ton (5) . EXPERIMENTAL.
The evolution of the syndrome can be seen in the accompanying chart of a normal female dog ( fig. 1 ). This was an 11 kgm. animal kept in a metabolism cage, given one and one-quarter pounds of fresh raw lean meat each day, a haliver oil capsule, and all the water she wanted to drink. Throughout the experiment the urinary excretion of sodium, chloride, potassium and nitrogen was measured in five-day periods.
At the beginning of each period the blood serum was analyzed for sodium, potassium, and total protein.
The data are presented in table 1 and, figure 1.
For the two weeks before hormone injections were given, the animal's water intake averaged 400 cc. a day. The urine volume was also about 400 cc, a day with a specific gravity of 1.045. When subcutaneous injections of desoxycorticosterone acetate were begun, the effect upon the intake and output of fluid was striking.
At the end of six weeks the dog was drinking not 400 cc. but 1000 cc. a day. A similar change occurred in the urine volume which also increased to about one liter a day with a specific gravity down to 1.025. These changes were not accompanied by any evidence of excessive fluid retention or congestive heart failure. The balance studies (table I) indicated that no great retention of sodium had occurred although the serum sodium concentration was consistently elevated.
The serum protein concentration was essentially unaltered. The dog had gained slightly in weight probably because 12 pounds of meat a day was more than her maintenance requirement.
This gain of weight had commenced before the injections of hormone were begun.
At the end of seven weeks, the meat was reduced to three-quarters of a pound a day, the injections were continued, and in addition to the hor- mone the animal was given 40 to 80 m,eq, of sodium chloride a day in her drinking water. The addition of this amount of sodium chloride to the regime resulted in a further increase in water intake accompanied by an equal increase in urine output and a further decrease in urine specific gravity down to a level of about 1.008. After one week on the high salt regime the animal developed a peculiar muscular weakness which has been seen in all five of our dogs on similar regimes and has been previously described (6). The administration of sodium chloride was stopped and the volume of fluid exchange returned to about 1 liter a day.
The effect of potassium chloride was then studied.
Thirty to 80 m.eq. of potassium chloride were administered to the animal of figure 1 each day for a period of ten days.
No sustained effect upon water exchange was demonstrable although the specific gravity of the urine rose to 1.015, Potassium chloride was stopped, sodium chloride was again administered, and the usual effects of salt were observed: increase in fluid intake, increase in urine output, decrease in urine specific gravity.
In another dog we have studied the effect of pitressin upon this syndrome of polydipsia and polyuria. Figure 2 is the chart of a normal male ani- ma1 in which the syndrome had been well established by the administration of 8.5 grams of sodium chloride and 25 mgm, of hormone each day for several weeks. Pitressin subcutaneously in rather large doses caused some decrease in the fluid exchange with a slight decrease in the serum sodium concentration and a slight increase in the urine specific gravity.
Restriction of the animal's intake to two liters for one day resulted in a sharp rise in the serum sodium concentration and an increase in the urine specific gravity. Following this restriction, there seemed to be a compensatory increase RAGAN, FERREBEE, PHYFE, ATCHLEY AND LOEB in water intake to 9000 cc. with a comparable increase in urine volume and a resultant drop in urine specific gravity and serum sodium concentration. The injections of hormone were then stopped but the administration of sodium chloride was continued.
Despite continuance of salt administration there was a prompt cessation of polydipsia and polyuria. In the course of seven days the urine specific gravity rose to normal, the water exchange fell from seven liters down to one and one-half liters a day, the serum sodium concentration remained about the same, The readministration of hormone resulted in reappearance of the entire syndrome with increased water consumption, increased urine volume, and decreased urine specific gravity.
When the syndrome was again well established, the intake of fluid was restricted for two days, Serum sodium concentration and urine specific gravity rose sharply and the animal was obviously thirsty and very uncomfortable although he did not go into negative fluid balance or show significant evidence of dehydration such as loss of weight or increased SYNDROME OF POLYDTPSIA AND POLYURTA '77 serum protein concentration. When free access to fluid was again allowed, there was a sharp increase in fluid intake with a concomitant drop in serum sodium concentration and urine specific gravity. Observations similar to those which have just been described were made upon three other normal dogs, two females and one male. The male animal was killed with chloroform and autopsied when the symptoms of diabetes insipidus were well established.
The adrenal glands of this animal were somewhat small but the other organs and the microscopic sections of the pituitary gland, kidneys, adrenals, and gonads were essentially normal.
It is interesting that none of the normal animals developed symptoms of adrenal insufficiency when the injections were stopped.
We were not able to produce polyuria and polydipsia in normal rats on a low salt, low potassium diet, although enough hormone was used to produce an atrophy of the adrenal glands.
In normal adult male rats kept on a high salt diet, we were able to double the water intake by giving the animals 5 mgm. of hormone daily.
The hormone-treated animals drank 300 cc. of water a day and had an average urine specific gravity of 1.015. The control rats that were given a high salt diet and no hormone drank 150 cc. of water a day and had a urine specific gravity of 1.022, DISCUSSION. It is tempting to speculate upon the mechanism by which desoxycorticosterone acetate produces polydipsia and polyuria in normal animals.
Although the syndrome superficially resembles that of diabetes insipidus the two states are dissimilar in at least two important respects: pituitrin is relatively ineffective and fluid restriction does not cause dehydration in our animals. The converse is true in diabetes insipidus. It seems probable, therefore, that the condition which we have described is primarily a thirst and only secondarily a polyuria. The cause of the thirst is not clear, but it may be related to the maintained increase in extracellular sodium concentration or to some associated disturbance of the osmolar balance between extracellular and intracellular fluid. Whatever the mechanism of the polydipsia may be, the consequent polyuria enables the normal dog to avoid excessive retention of sodium.
A rapid flow of urine through the tubules would tend to counteract the increased sodium reabsorption brought about by the adrenal cortical hormone.
CONCLUSIONS
Large doses of desoxycorticosterone acetate induce in normal animals a syndrome of polydipsia and polyuria similar to that seen in diabetes insipidus.
The mechanism of this effect and its differentiation from diabetes insipidus are discussed.
